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Chronic Inactivity

’/‘ Male rats (Holtzman) weighing 25547 grams at the -

beginning of each experimental period were used. Restrain-

ing capges (Figure 1) were adlusted weekly to maintain

the relationship: cage volume in cc = 494.,0 + 1.037(body

weight in g). Control (unrestrained animals) was

individually housed in 18 cm x 25 e¢m x 1 cm hanging wire

cages. Food and water were allowed ad libitum, however,

food was removed 24 hours prior to in vivo experiments

to reduce the contents of the gastrointestinal tract.
Signiflcantly more (P<0.01) deaths occurred in

e restrained (11 out of 450) than control animals ( 1 out

| :)\ of 450) and no deaths occurred after the 13th week.

Growth curves (Figure 2) show a sienificant difference

(coDpE)
(éAT:G?ﬁv)

-

in mean body weight (P<0.01) at the end of one week
between control and restrained grours which becomes

<H more profound threoughout the 25 week exrerimental period.
e

~—

Thus restralined animais do not grow as fast nor grow

(A%csssm}s:;m
Crssy <

N e
I {o) as large as unrestrained animals, but do corntinue to

™ grow. As the leneth of time In the experimental housing
I
increased the restralned aniamals became noticeably

(NASA CR OR TMX OR AD NUMBER)

more docile, the musculature was flacid to the touch

e
-
=

209 WHOd ALUDV4 and the animals anpeared weaker than control animals,

1.e. were irncarable of strueeiing.

L\

R —



No difference was observed between groups in
elither adrenal or thymus gland weights. While differ-
ences 1in hematocrit, fasting plasma glucose and leucocyte
counts did occur bhetween restrained and unrestrained

groups, they were not consistent.

Glucose Absorption In Vivo

Plasma glucose changes during absorption were obtained
from blood samples drawn from the tail into heparinized
capillary tubes, before, immediately after, and at 10, 20,
30, and 45 minutes after test meal administration. After
centrifuging and recording the packed cell volume, 25
microliters of the plasma were analyzed for clucose by
the glucose oxidase method of Cawley et al. (2) without
deproteinizatioh.

In all in vivo experiments a one ml solution of 400
mg glucose in water was administered to each animal by
stomach tube without previous anesthesia. Absorption
was measured by the recovery and analysils of unabsorbed
mutrient in the gastrointestinal tract at the end of a
45 minute absorpticn reriod. After sacrifice of the
animals, the esopharus, pyloric sphincter and termlnal
1leum were ligated and the entire gstrointestinal tract
removed. The stomach was separated from the Intestine

and the content of each rinsed out with five 10 ml




portions of warm saline and analyzed separately with
Glucostat (Worthington Biochemical Corp.) after depro-
teinization with ZnSOy-BaOH.

In one experiment changes 1n plasma glucose after
test meal administration in 10 control and 10 restrained
animals were'recorded weekly for 25 weeks. Additional
experiments of at least 10 control and 10 restralned
animals each, were conducted after 5, 10, 15, 20 and
25 weeks of the experimental housing, in which, the
unabsorbed contents of the gastrointestinal tract were
analyzed as well as obtaining the changes in plasma
glucose durlng absorption.

Curves of plasma glucose concentration durilng
absorption after 5, 10, 15, 20 and 25 weeks of the
experimental housing (Figure 3) show that the control
groups remain essentially unchanged. Restrained groups
over the same period show an upward trend. The
regression lines {Figure 4) for the plasma glucose
concentration at 30 minutes after the administration
of the test meal to control and restrained rats
illustrates this phenomenon. The control line shows
no significant changes from the 5th to the 25th week
while the regression line for the restrained animals

increases linearly, has a significant slope (P<0.01)



and significant differences exist (P<0.05) between
five week increments. Analysis of the unabsorbed
contents of the gastrointestinal tract 45 min after
test meal administration reveal no significant differ-
ences between restrained and control groups in the
glucose'recovered In the stomach, or in the total
glucose removed from the tract (Table 1). Thus at the
test meal concentration used, no difference in gastric
empyting or in absorptiorn nf glucose could be demon-

strated between grouns after 5, 10, 15, 20 and 25 weeks.

Glucose Absorption In Vitro

The Crane and Wilson modification (3) of the everted
intestinal sac method (Fipure 5) was used. Unfasted
arnimals were sacrificed, the intestine removed and
rinsed with oxygenated mammallan Ringer solution. The
first 10 em from the pyloric sphincter and 10 cm from
the center of the intestine (midgut) were everted, one
end tled and the other end attached to a canula vrotruding
through a rubber stopper. Incubation medium was Krebs-
Ringer bicarborate (5) with glucose—Clu plus carrier
glucose added to make the final glucose concentration
555 mg/100 ml. The volume of the medium on the mucosal
(outside) compartment of the intestinal segsments were

35.0 mi. Enough of the medium was added through the




canula to the serosal (inside) compartment to raise
the level of the 1liquid one to two cm above the level
of the mucosal solution. The gas phase consisted of
95% 0, - 5% COp, the incubation period was 45 min and
the temperature 37 C.

At the end of the Incubation period both serosal
and mucosal solutions were brought up to a constant
volume and samples of each counted in Bray's solution
(1). The intestinal segments after welchlng were digested
in NCS-1 (a toluene solution of a cuaternary ammonium
hydroxide, Nuclear-Chicago Corp.) and counted. Calculation
of the mg glucose was based on the aquench corrected
specific activity of the samples counted for a sufficient
time to reduce countineg error tobless than 1.5%.

Liguld scintiliation counting of glucose clé pe-
covered after incubation of the intestinal segments
demonstrated a large Increase in intestinal tissue con-
centration (1.2 to 3 times the concentration of the
medium) as well as sone increase in the serosal doncen—
tration, demonstrating active transvort {(Table 2).

Water movemen: in the same direction occurs simultaneously
with the movement of glucose from mucosal medlium into
the intestinal segment and on into the serosal medium.

The final volume of fluid in the serosal compartment




always increased (from 0.05 to 0.36 ml above the intilal
volume).

Glucose oxidase analyslis of final mucosal solutions
failed to show any differences between control and restrained
animals. Determination of the mean specific activities
as well as total C-14 activity of mucosal solutions,
serosal solutions, and the intestinal segments ylielded
the same lack of differences between treatments when
the following were compared: (after the 5th week of
the experimental housing), &7 control to 28 restrained
duodenal segments and 17 control to 18 restrained mideut
segments: (after the U40th week of the experimental hcusing),
10 control and 10 restrained mideut sepments were com-
pared. Thus no significant differences could be shown
to exlst in absorption in vitro of glucose between restrain-

ed animals after 5 or 40 weeks of the experimental housing.

Fructose Absorption In Vivo

A two ml test meal of fructose-C-14 plus fructose
carrier (250 me in water) was administered by gastric
intubation to animals fasted 24 hours. Animals were
sacrificed (cervical disjiunction) 60 minutes after test
meal administration. Ligatures were vlaced on the
esophagus, pyloric sphincter and terminal ileum. The

stomach, small and large intestine were then removed,



separated, and homogenized individually in a micro-Waring
blender for five minutes. The homogenates were depro-
telnized with Somogyi reagents, filtered and a one ml
sample of the filtrate prepared for C-14 analysis (4).
Radiochromatographs of the recovered material (de-
proteinized with trichlorocacetic acid) show the C-14 to
be confined to a sinple peak: therefore fructose absorted
was assumed to be fructose administered minus fructose
recovered from the pastrointestinal tract at the end of
the 60 minute absorption period (Table 3).
The regression line of control animals from the
5th to 25th week of experimental housing shows no change
(Figure 6). Over the same period the regression line
of the restrained groun shows a sienificant slone (P<0.01).
Furthermore, variance analyslis demonstrates that the
regression line for restrained animals differed signif-

icantly (P<C.05) frcm the unrestrained groun.

Fructose Absorption In Vitro

Unfasted animals were sacrificed and the small
intestine removed and rinsed free of its contents with
cxygenated mammalian Pinger solution. The everted
intestinal segment techniaue of Crane and ¥Wilson were

followed as described 1n trhe glucose studies. The

initial concentration was always 200 mg/100 ml of the



medium,.

When fructose-C-14 was initially present on both
sides of an everted rat intestine, the mucosal fructose
concentration was found to be greater than the serosal
fructose concentration after 60 minutes incubation (Table 4).
After incubation recovery of fructose (mg) from mucosal
solution was shown to be considerably less than that
initially added; however, there was no significant change
in the amount of fructose present in the seosal solution.

An increase in final serosal volume occurred as the
result of water movement across the wall from the mucosal
side. At the same time, the mucosal fluild volume was
siightly decreased from the initial volume.

When fructose was placed onlv in the mucosal medium,
there was a movement of fructose across the wall into the
serosal solution with a concomitant movement of fluid in
the same direction. Although no significant difference
in fluid or‘fructose movement was observed between groups,
more fructose was moved than when both compartments were
initially filled with fructose medium.

The segment was alsoc shown to permit sugar movement
from serosal to mucosal solution when only the serosal
medium contalned fructose initially. However, the net
fluild movement in the system always remained unidirectional,

that 1s from mucosal to serosal solution.



Concentrations of both serosal and mucosal solutions
dild not differ significantly between control and restrained
or between 5th and 25th weeks (Table 5). Movement of
fluild from the serosal to mucosal solutions was shown
to be greater 1In the 25th week than in the 5th week animals;
however, the Intestinal segments of both control and
restrained animals contained from 31-52% less fructose
per gram tissue fluid in the 25th week than comparable
segments from animals in the 5th week.

Results of a study of 80 oven-dried intestinal
segments from both groups of five week animals indicate
that B0+1% of the wet welrht is tissue fluid and that
thefe 1s also no difference in per cent dry welght

- between groups (control versus restrained).

Phenylalanine Absorption In Vivo

In Vivo phenylalanine absorption studies were
performed on rats chronically restrained from 5, 10, 15
and 25 weeks (Table 6). The auantity of phenylalanine
absorbed in the restrained animals was significantly
greater than that of the control experiments (P<(.01)
at the 5th week pericd. During the following 10th and
15th weeks of restriction the restrained rats were
also shown to absorb a greater amount of phenylalanine

but this difference is not statistically significant.

\O



A comparilson of gastrointestinal absorption 1s expressed
by the ratio of nutrient absorbed by restrained (R) over
that of the control (C) rats or R/C. The R/C values
decrease progressively with increase in length of
immobilization and, at the 25th week, the amount by

the unrestralned exceeds that of restrained animals

although not to a significant degree.

Phenylalanine Absorption In Vitro

The amino acid uptake by the everted intestinal
preparation after one hour incubatioh was expressed 1n
terms of mg per 100 mg tissue wet weight as shown in
Table 7. The intestinal segments of the 5th week restraint
were demonstrated to absorb a slightly greater amount
>of phenylalanine than the control as similarly observed
in the in vivo studies of the same perlod; however, the
in vitro results failed to show a significant difference

between groups.

Glycine Absorption In Vivo

In Table 8, the mean values for total quantity of
absorbed glycine at different length of periods of
restriction are shown. The difference 1in glycine absoro-
tion 1s not statistically signifilcant throughout the
entire 25 weeks of experimental housing; however, the

value is alwavs greater In the restralned state.

10



Olelc Acid Absorptlon In Vivo

Data obtalned from oleic acid studies at 5, 15, 20
and 25 weeks are summarized in Table 9. A shift in
absorption pattern with time by the restraint can be
visualized from the R/C ratios. At the 5th week, the
restrained rats absorbed approximately 1/3 of the amount
taken up by the control rats, but this difference was
progressively decreased until at the 25th week when
the value for the restrained animals was slightly

greater than that of the control animals.

11
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Figure 1.
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Control and restraining cages. The
restraining cage volume changes linearly
with body weight and body volume of

animal.
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Figure 3. Plasma glucose concentration as a function
of time. A, B, C, D and E reoresent 5, 10

15, 20 and 25 weeks of experimental housing

respectively.
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Figure 5.

In Vitro intestinal preparation of Crane

and Wilson.
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Figure 6. Regression lines, giving mg of fructose
absorbed per hour in vivo as a function
of weeks of experimental housing (5, 10,

15, 20 and 25).
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